and Qb(=bPJRTc) is 1/8.
The MCEoS
The modified Clausius (MC) equation of state is expressed as: Attapulgite has been reported to be a good stabilizer
Apparent viscosity at y=31.1 s~1 and at 298K was measured by a coaxial rotating viscometer (IR-200, Iwamoto Seisakusho Co., Ltd.) to evaluate the fluidity of CWM.Both static and dynamic stability tests were carried out. The test CWM was filled into a glass cylinder of which the inner diameter and height were 36mmand 180mm,respectively. In the static stability test, the glass column was left at rest for a week and then the height of hard-pack layer was measured by a rod penetration technique described in the previous paper.4) The dynamic stability test was performed by using a transportation simulator similar to that reported by Funk et al.1] The oscillation condition was set at amplitude= 35 mm, frequency=226rpm, maximumacceleration = 19.6m2/s and oscillation time = 48h. Determination of the oscillation condition is discussed in the previous paper.4) The same glass column described above was used for a oscillation test, and a rod penetration test was conducted at the end of each dynamic stability test. 2. Experimental Results and Discussion 2.1 Effect of xanthan gumon stability of CWM It was confirmed that the viscosity-reducing effect of a dispersing additive, Romar-PWA40,was saturated when the amount of the additive exceeded 0.2-0.3wt%. Thus, the amount of dispersing additive was determined as 0.3%/slurry.
All CWM shown in the following section of this paper contain 0.3%/slurry of Romar-PWA40. Figure 1 shows the effect of xanthan gum on the static stability of CWM.
CWM without xanthan gum is unstable because a distinct hard-pack layer is observed. The addition of xanthan gum is effective in reducing the depth of hard pack. However, as the concentration of xanthan gum increases, the CWM viscosity also increases rapidly. results of dynamic stability tests. Even in this case, the addition of xanthan gum results in good stability if the amount of additive is larger than 0.015wt%. So we can conclude that the addition of xanthan gumis effective in preparing stable CWM.However,the stability obtained by the addition of xanthan gum is not perfect, as indicated by the several millimeters of hard-pack in Figs. 1 and 2 even at higher additive percentage. So, in the following section, the combined effect on stability with the other stabilizers will be examined to obtain more perfect stability of CWM. In this case, the viscosity increase caused by the addition of xanthan gum is a problem. The xanthan gum concentration should be kept as low as possible. From the economical point of view, and referring to the experimental results shown in Figs. 1 and 2 , the concentration of xanthan gum is fixed at 0.005%/slurry in the following section. Figure 3 shows the effect of goethite on CWM viscosity and stability.
Effect of goethite
The addition of goethite does not cause a significant viscosity increase. As the dimensions of goethite are very small, fine goethite mayexist in the interparticle space in CWM, and the apparent solid concentration maynot increase even if the amount of goethite becomes several percent. This is an advantage whengoethite is used as an additive. The results of static stability tests indicated by open symbols with and without xanthan gum show good stability.
In particular, when a mixture of 0.005% xanthan gum and 0.5% goethite is employed as additive, perfect static stability is obtained. However, experimental results of oscillation test show that the hard-pack layer does not disappear even in the higher additive range of goethite. The internal structure built by goethite may be very weak, and if some oscillation is imposed on CWM the internal structure may be broken very rapidly. Thus, it is impossible to use goethite as a stabilizer whenlong-distance transportation under oscillating conditions is considered.
But goethite (FeOOH) may be easily oxidized to give Fe2O3, which is an effective catalyst in coal gasification reactions. Also, 0.25-0.5% addition of goethite is economical. Goethite may be usable as a stabilizer only for limited purposes such as the case where CWMis prepared as feed for coal gasification at the location of the gasification plant.
Effect of attapulgite clay
Attapulgite clay has been reported to be a good stabilizer for CWM.3)Weexamined the effectiveness of attapulgite with and without xanthan gum. Attapulgite swells remarkably when immersed in water. It is hard to determine the correct size of an attapulgite particle in the swelled condition. Microscopic observation shows that the diameter of somewhat coagulated attapulgite clay is of the order of several microns. So the addition of attapulgite results in a remarkable increase in CWM viscosity, as shown in Fig. 4 . This diagram also shows that the addition of attapulgite is effective in stabilizing CWM under conditions of both static and oscillatory dynamic tests. Only 0.1 wt% addition of attapulgite is enough to establish a good static stability. For dynamic stability, around 0.5% addition is needed. In this case, however, the viscosity increase is significant, as shown in Fig. 4 . The same kind of experiments as shown in Fig. 2, The synthesis of optimal separation processes has been one of the most important subjects in process synthesis, and these separation processes are classified into two groups. One is that in which the products are pure substances, and various synthesis methods, such as heuristic,6) evolutional5' 7' 8) and algorithmic^meth- synthesis problem there exists information feedback among the separation sequence, the ratios of the stream division, and the degrees of separation sharpness, so it is troublesome to synthesize an optimal process. Assuming that the recovery of the key components at each separation breakpoint is unity (sharp separation), Muraki and Hayakawa4) and Muraki et al.,2) in preliminary research into this synthesis problem, developed two-stage evolutionary methods in which the separation sequence and the ratios of stream division are searched separately. The degrees of separation sharpness are also important design variables in synthesizing a multicomponent products separation process because these degrees have considerable influence on separation cost. If
